-INTRODUCTION
Grain boundary s l i d i n g , i . e . s h i f t o f g r a i n s a g a i n s t one a n o t h e r a l o n g t h e common boundary p l a y s t h e main r o l e i n c r e e p , s u p e r p l a s t i c i t y , and f a i l u r e 11-31. Our p r e v i o u s i n v e s t i g a t i o n s o f t h e GBS n a t u r e 1 2 , 4-61 h a v e s h o w n t h e e x i s t e n c e o f v a r i o u s t y p e s o f s l i d i n g w i t h d i f f e r e n t phenomenology and mechanisms and e v i d e n c e h a s been o b t a i n e d f o r t h e i n f l u e n c e o f d i f f u s i o n f l o w i n c r y s t a l boundaries on t h e development o f GBS. The main r e s u l t s o b t a i n e d w i l l be d i scussed and i n t e r p r e t e d below b a s i n g on t h e up t o d a t e knowledge of g r a i n boundary s t r u c t u r e .
B i c r y s t a l s a r e t h e most convenient o b ' e c t s f o r t h e s t u d y o f t h e GBS r e g u l a r i t i e s . They a l l o w t o s t u d y s l i d i n g i n boundaries wit$ well-defined p a r a m e t e r s under c o n t r o l l e d l o a d i n g c o n d i t i o n s . B e s i d e s , z i n c b i c r y s t a l s with
a s i n g l e p r e f e r e n t i a l ( b a s a l ) s l i p p l a n e a l l o w t o d i s t i n g u i s h between t h e i n t e r a c t i o n o f deformation p r o c e s s e s i n t h e boundary and w i t h i n t h e g r a i n .
-EXPERIMENTAL PROCEDURE
Zinc b i c r y s t a l s w i t h t h e tilt boundary o f 9 0~-+ 1~< 1 0 ? 0 > and t w i s t boundary o f 90~*1~<2;01> w i t h t h e geometry shown i n Fig. 1 ( t y p e 1 and 2 specimens) were used. The b i c r y s t a l s were grown o u t o f t h e 99.97% p u r e z i n c using t h e updated Bridgeman method 1 4 , 51. I n t h e t y p e 1 specimens t h e b a s a l p l a n e w a s o r i e n t a t e d a i t h e r normally o r p a r a l l e l t o t h e t e n s i l e a x i s , t h u s p r e v e n t i n g s h e a r s t r e s s e s a l o n g t h e s e p l a n e s . I n t y p e 2 specimens b a s a l p l a n e s show a 15O dev i a t i o n from t h e p o s i t i o n o f b a s a l p l a n e s i n t y p e l specimens w i t h r e f e r e n c e t o t h e t e n s i l e a x i s , which i n d u c e s s h e a r stresses d u r i n g t e n s i l e s t r a i n i n g .
Thus, t h e geometry o f t y p e 1 specimens allowed t o r e a l i z e "pure" s l i d i n g , i . e . GBS w i t h o u t i n t r a g r a n u l a r s l i p ( I S ) . A t t h e same time t y p e 2 specimens were used t o s t u d y GBS which proc e e d s s i m u l t a n e o u s l y with IS.
T e s t s were made i n t h e t e m p e r a t u r e i n t e r v a l o f 50-250°C, b u t t h e most i m p o r t a n t dependencies o f t h e amount o f s l i d i n g (S) on t h e t i m e o f s t r a i n i n g ( t ) were o b t a i n e d a t 50°C. S l i d i n g was measured by t h e s h i r t o f s c r a t c h e s on t h e p o l i s h e d s u r f a c e using an o p t i c a l microscope w i t h t h e accuracy o f f 0 . 3 pm. The v a l u e 02 t h e a c t i v a t i o n energy o f s l i d i n g (Q) and s t r a i n r a t e s e n s i t i v i t y (m1 were d e f i n e d according t o 1 4 , 51. I n t h e t y p e 2 specimens w i t h t h e tilt boundd a r y o f 90°<1010> t h e v a r i a t i o n s o f t h e c r y s t a l l i t e m i s o r i e n t a t i o n a n g l e (40) and t h e amount oE i n t r a g r a n u l a r deformation ( X ) were shown i n Fig. l a / 7 / . The s u r f a c e of b i c r y s t a l s was e l e c t r o l y t i c a l l y coated with cadmium.After t h e c o a t i n g , p a r t of t h e s e specimens was annealed a t 20Q0C f o r 3 0 hours.
3 -RESULTS 1 ) Type 1 b i c r y s t a l s . The s u r f a c e study of t h i s t y p e o f b i c r y s t a l s undertaken a f t e r t h e testing has shown t h a t during t h e s l i d i n g neighbouring c r y s t a l s s h i f t i n a narrow boundary a r e a without any n o t i c e a b l e curving of t h e s u r f a c e s c r a t c h e s and g r a i n boundary migration. No s l i p l i n e s were observed. Besides, t h e absence of i n t r a g r a n u l a r deformation was proved by t h e d a t a obtained through t h e e t c h p i t s t u d y . Hence, i n t h i s c a s e we can speak of t h e development of "pure" GBS .
This t y p e of s l i d i n g is c h a r a c t e r i z e d by t h e f a c t t h a t t h e amount o f t h e s c r a t c h s h i f t i n d i f -
f e r e n t p a r t s of t h e boundary was d i f f e r e n t , i . e . GBS along t h e boundary was non-uniform 141.
Fig. 2 -S l i d i n g vs time curves f o r t h e t y p e 1 b i c r y s t a l s a t d i f f e r e n t s t r e s s e s : 1 -1.5; 2 -1 . 0 ; 3 -0.6 MPa.
Fig. 2 shows t h e dependencies of t h e average amount of GBS (assessedoy 5 s c r a t c h e s ) on t i m e obtained a t d i f f e r e n t s h e a r s t r e s s e s (T) i n t h e 90°<1010> boundary. The GBS-time c u r v e s (S-t) a r e r a t h e r smooth , without abrupt bends, and t h e i r i n i t i a l p o r t i o n i n d i c a t e s t h a t s h e a r hardening is low a t t h a t time. The r a t e of s l i d i n g obtained from t h e i n i t i a l p o r t i o n o f t h e
S -t C I J~\ I F ! (IJO t o 5 hours) was used t o d e f i n e t h e dependence of GBS r a t e on s t r e s s . This dependence a t low stresses proved t o be l i n e a r and when extrapolated t o t h e zero r t i t e o f s l i di n g , i t gave t h e value o f t h r e s h o l d stress: 0.50 MPa 141.
The above-results r e f e r t o t h e 90°<10?0> tilt boundary. S i m i l a r data where obtained f o r t h e 90°<2201> t w i s t boundary. The threshold s t r e s s f o r t h e l a t t e r was 0.90 MPa. The s t r a i n r a t e s e n s i t i v i t y c o e f f i c i e n t m f o r both t h e boundaries was 0.9 and t h e a c t i v a t i o n energy of t h e process was 56 kJ/mole f o r t h e t w i s t boundary and 42 kJ/mole f o r t h e tilt boundary. Now l e t us consider t h e p e c u l i a r i t i e s o f GBS i n t h e cadmium coated specimens 171. It turned out t h a t on t h e whole they were s i m i l a r t o t h e r e g u l a r i t i e s o f GBS observed i n t y p e 1 specimens. A t t h e same time, t h e character o f t h e non-uniformity o f s l i d i n g along t h e boundary has changed considerably: t h e coated specimens displayed monotonous decrease o f t h e amount of s l i d i n g along t h e boundary w i t h growth o f distance from t h e coated surface. When t h e t i m e o f t e s t i n g was r a t h e r long ( > l 5 hours) t h i s d i f f e r e n c e a t t h e opposite ends o f t h e specimen would disappear.
Fig. 3 -,The dependence o f t h e r a t i o o f t h e average r a t e s o f s l i d i n g i n coated ( S, , )
and uncoated (S) specimens on t h e temperature o f deformation.
At low temperatures i n t h e i n t e r v a l o f 50-100°C (Fig. 3) t h e $1; r a t i o approaches 1, hence, t h e e f f e c t o f coating i s i n s i g n i f i c a n t . I n t h e i n t e r v a l o f 100-200°C t h e r a t i o f i r s t grows and then drops t o t h e value o f t h e order o f 1, t h e maximal value o f 3 being reached a t 130°C. No r a t e growth i s observed i n t h e pre-annealed specimens.
2) Type 2 b i c r y s t a l s . Specimens o f t h i s type are characterized by a narrow boundary which i s preserved i n t h e course o f t h e shear process and by t h e absence o f bent scratches i n t h e v ic i n i t y o f t h e boundary though l i n e s o f t h e basal i n t r a g r a n u l a r s l i p were observed. n i n 
on t h e S-t c u r v e t h e r e a r e t w o :ist i n c t p o r t i o n s : t h e i n i t i a l one which c o r r e s p o n d s t o a f a s t and a l m o s t l i n e a r groMth of s l i di n g w i t h t i m e and t h e p o r t i o n where t h i s growth is i n s i g n i f i c a n t .
When GBS and I S d e v e l o p s i m u l t a n e o u s l y , t h e r a t e of s l i d i n g i n t h e i n i t i a l p o r t i o n is much h i g h e r , which p r o v e s t h a t i n t h e z i n c b i c r y s t a l s u?der s t u d y I S e x e r t s a s t i m u l a t i n g e f f e c t on GBS. It t u r n e d o u t t h a t i n t r a g r a n u l a r s h e a r s t r a i n which d e v e l o p s t o g e t h e r w i t h t h e s l i di n g a l o n g t h e boundary r e a c h e s 7-8% i n b o t h c r y s t a l l i t e s o f t h e b i c r y s t a l by t h e end o f t h e i n i t i a l p o r t i o n o f t h e S -t c u r v e . The m i s o r i e n t a t i o n a n g l e i n t h i s c a s e became l a r g e r by 6 O and c o e f f i c i e n t m was 0 . 5 . The t h r e s h o l d stress i n t h e t y p e 2 specimens is d e t e r m i n e d by t h e s t a r t o f i n t r a g r a n u l a r d e f o r m a t i o n and is less t h a n 0 . 4 MPa. The a c t i v a t i o n e n e r g y i n t h i s c a s e h a s a v a l u e c l o s e t o t h a t o f t h e a c t i v a t i o n e n e r g y of g r a i n boundary d i f f u s i o n i n z i n c .
-DISCUSSION The above e x p e r i m e n t s haveshown t h a t i n z i n c due t o t h e s e l e c t i o n o f t h e b i c r y s t a l c r y s t a l l ogeometry and t h e i r o r i e n t a t i o n w i t h r e f e r e n c e t o e x t e r n a l l o a d i n g , t h e development o f GBS b o t h w i t h and w i t h o u t I S c a n be a c h i e v e d . The i m p o r t a n t t h i n g h e r e is t h a t "pure" s l i d i n g and s l i d i n g c o m p a t i b l e w i t h I S c o n s i d e r a b l y d i f f e r i n t h e i r phenomenology. I n f a c t , t h e S -t c u r v e s f o r t h e s e two t y p e s o f s l i d i n g a r e d i f f e r e n t ( s e e F i g . ) . I n t h e c a s e o f GBS compati b l e w i t h I S t h e i n i t i a l h i g h -r a t e p o r t i o n o f t h e S-t c u r v e is v e r y d i s t i n c t . For "pure" s l i di n g t h e t h r e s h o l d stress c a n be d e f i n e d , which i s i m p o s s i b l e t o do i n t h e same way f o r GBS w i t h I S . I n t h e l a t t e r c a s e GBS s t a r t s immediately w i t h t h e s t a r t o f I S . The d i f f e r e n c e o f t h e m c o e f f i c i e n t v a l u e s is o f s i g n i f i c a n t i m p o r t a n c e . The phenomenology o f s l i d i n g a s was i n d i ca t e d by t h e e x p e r i m e n t c a n b e affected by t h e d i f f u s i o n flow o f i m p u r i t y atoms which r e s u l t s i n t h e growth o f t h e s l i d i n g r a t e and change o f t h e d i s t r i b u t i o n o f s h e a r s a l o n g t h e boundary. Proceeding from t h e d a t a on t h e phenomenology o f "pure" GBS and up t o d a t a knowledge o f t h e g r a i n boundary s t r u c t u r e /g-111 it c o u l d be assumed t h a t t h e mechanism o f t h i s s l i d i n g s h o u l d be d i s l o c a t i o n a l 12, 41. T h i s is proved by t h e non-unifor~a c h a r a c t e r o f "pure" GBS w i t h o u t i n t e r n a l accomodation. T h i s f a c t may be d e f i n e d by analogy o f s l i p i n m o n
o c r y s t a l s a s a n unaccomplished s h e a r w i t h d i s l o c a t i o n p i l e -u p s . I n t h i s c a s e , d i s l o c a t i o n s r e s p o n s i b l e f o r "pure" s l i d i n g must b e g e n e r a t e d immediately i n t h e boundary planeXhese m u s t b e g l i s s i l e g r a i n bounda r y d i s l o c a t i o n s (GBD), b e c a u s e s e s s i l e d i s l o c a t i o n s would c a u s e a change i n m i s o r i e n t a t i o n and a s a r e s u l t c r e a t i o n o f l a t t i c e d i s l o c a t i o n s 12, 4 1 , which was n o t o b s e r v e d i n t h e e x p e r iment.
T h r e s h o l d stress f o r "pure" GBS may p r o b a b l y be r e l a t e d t o b o t h t h e n u c l e a t i o n and motion of GBD. T h e i r s o u r c e w i l l be a c t i v e ( i f t h e r e is no f r i c t i o n ) when t h e stress w i l l exceed a v a l u e d e t e r m i n e d by t h e r a t i o ~, = G b / l where G i s t h e g r a i n boundary s h e a r modulus; b is t h e B u r g e r s v e c t o r o f GBD; l is t h e l e n g t h o f t h e s o u r c e of GBO.
4 -3 Assuming t h a t G=4.46 x 1 0 MPa, b=2 X IO-' cm, 1 = 1 0 cm, we o b t a i n G = 0 . 0 4 5 MPa which is by a n o r d e r o f magnitude l o w e r t h a n i n t h e e x p e r i m e n t . Therefrom we can c o n c l u d e t h a t t h e c h r es h o l d stress under "pure" GBS d u r i n g t h e motion o f GBD is d r a g c o n t r o l l e d . The r a t e o f GBS from t h e p o i n t o f v i e w o f a d i s l o c a t i o n a l approach must be d e f i n e d by t h e f o l l o w i n g formula:
w h e r e p i s t h e d e n s i t y o f GBD; v is t h e r a t e o f t h e GBD motion. Assuming t h a t t h e r a t e o f GBD motion is d e t e r m i n e d by t h e r a t e o f t h e i r c l i m b i n g a c c o r d i n g t o / g / , we o b t a i n where D is t h e g r a i n boundary d i f f u s i o n c o e f f i c i e n t , R is t h e volume o f v a c a n c i e s , 1 i s t h e l e n g t
h o f d i s l o c a t i o n s , (T-G ) is t h e s t r e s s a p p l i e d t o a d i s l o c a t i o n .
It s h o u l d f o l l o w from t h e e x p r e s s i o n s ( 1 ) and (2) and e x p e r i m e n t a l l y e s t a b l i s h e d c o r r e l a t i o n S --t h a t i n t h i s c a s e t h e d e n s i t y o f GBD depends on s t r e s s e s .
It is i m p o r t a n t t o n o t e h e r e t h a t from t h e p o i n t o f view o f d i s l o c a t i o n a l approach t o t h e n a t u r e o f t h e "pure" GB0 a s shown i n / 7 / main p e c u l i a r i t i e s o f t h e e f f e c t of t h e cadmium c o a ti n g on s l i d i n g i n z i n c b i c r y s t a l s can a l s o be e x p l a i n e d . I n p a r t i c u l a r , t h e a c c s l e r a t i o n o f s l i d i n g may be due t o a d d i t i o n a l stresses i n t h e boundary i n d u c e d by t h e o s m o t i c e f f e c t . Such approach i s j u s t i f i e d by t h e f a c t t h a t under considerably no-stationary d i f f u s i o n , t h e withdrawal or' i m p u r i t y atoms from t h e boundary i n t o t h e b u l k accompanied w i t h a s i g n i f i c a n t change o f t h e d i f f u s i o n c o e f f i c i e n t may r e s u l t i n t h e pressure o f about 20 MPa 171. I n a boundary stretched by such a pressure t h e increase o f t h e vacancy concentration i s possible and consequently t h e enhancement o f t h e GBD n o b i l i t y .
Consider now t h e case o f GBS w i t h I S where 5 -7'. I f t h e r a t e o f GBD i s determlned by t h e climbing l i k e i n t h e case o f "pure" GBS w i t h v -T , then p -7 . The increase o f t h e density o f GB0 w i t h t h e growth o f stresses i s connected i n t h i s case w i t h t h e f a c t t h a t GBD may be created as a r e s u l t o f t h e d i s s o c i a t i o n o f l a t t i c e d i s l o c a t i o n s t h a t r u n i n t o t h e boundary during I S / 5 / . L a t t i c e d i s l o c a t i o n s t h a t t a k e p a r t i n t h e deformation o f g r a i n s are i n t e n s i v e l y absorbed by t h e boundary, which i s proved by t h e agreement between t h e amount o f i n t r a g r a n u l a r shear s t r a i n ( X ) and change o f t h e m i s o r i e n t a t i o n angle (AQ). I n f a c t , from t h e r e l a t i o n s A 0 = E p b a n d p = 2 8 /b w i t h =0.07 we o b t a i n 08 =5.7O which i s very close t o t h e experinentall y obtained value.
Using t h e r e l a t i o n S=P bL where L i s t h e l e n g t h o f t h e d i s l o c a t i o n path, we can assess-the cont r i b u t i o n o f t h e trapped l a t t i c e d i s l o c a t i o n s t o t h e development o f s l i d i n g . Let L be t h e distance between two s l i p l i n e s i n c r y s t a l s since t h e i r i n t e r s e c t i o n w i t h t h e boundary leads t o t h e c r e a t i o n o f microscopic g r a i n boundary ledges which hinder t h e motion o f d i s l g c a t i o n s . The experimentally measured value o f L under given conditions o f t e s t i n g was 7 X 10 cm. Therefrom we o b t a i n t h e value o f S, 5.4 pm, which p r a c t i c a l l y coincides w i t h t h e experimentall y obtained G pm. This coincidence prove t h a t i n t h i s case t h e development o f GBS i s i n fact connected w i t h t h e appearance o f trapped l a t t i c e d i s l o c a t i o n s i n t h e boundary.
-CONCLUSIONS

